Estimation of maternal mortality ratio (MMR) in humanitarian settings ('settings of conflict, displacement and natural disaster') is challenging, particularly where communities have dissolved and geographical areas are inaccessible. During humanitarian events, the reproduction of maternal mortality figures by the media is common, and are often based on inaccurate reports. In light of such uncertainties and challenges, the aim of this article was to review and appraise the methodology and data collection tools used to measure MMR in humanitarian settings. A critical review of both grey and peer-review publications was conducted, focussing on articles published from January 1995 until December 2016. In the final review, articles that provided an estimate of MMR from a humanitarian setting were included. The assessment of study quality was based on an adapted framework for the quality of mortality studies in humanitarian settings. Overall, 13 peerreview publications and one grey publication were included in the final review. These were grouped according to settings: camp, clinic, household and census. Studies varied in their definition of MMR, and few studies objectively defined the humanitarian setting. Household-based studies were based on retrospective designs and on the recall of surviving family members. Although many studies attempted to purposively sample the populations afflicted, there was substantial evidence of selection bias; few studies were able to confirm the maternal deaths through medical certificates, or attempted to visit homes to re-inquire about deaths using verbal autopsy. The variation in methods and tools applied suggest that maternal mortality estimates are more likely to be markedly different from the true unknown level. The implications are that a standardized methodology and tools are necessary: that are consistent in definition, use a representative sample where possible, attempt to triangulate and validate data sources, and reconfirm deaths through household visits with informant interviews.
Background
Maternal mortality estimates from humanitarian settings are frequently disseminated through the media to highlight the impact of the humanitarian disaster on women's health. Where there is a need to ensure that valid, reliable and timely estimates are made available to the relevant stakeholders, inaccurate reporting is considered problematic to the scientific community, policy and decision makers, donor and relief agencies. According to recent claims, '60% of preventable maternal deaths' occur in humanitarian settings (World Health Organization, 2015; Nordenstedt and Rosling, 2016) . This estimate cites data on maternal mortality in countries with the highest OECD fragility score-however, and does not correspond to maternal deaths in 'settings of conflict, displacement and natural disaster,' the commonly used description of humanitarian settings. The true estimate of maternal mortality in humanitarian settings is unknown.
The challenge of undertaking research within humanitarian settings is attributed to the inaccessibility of geographical areas, security, mass migration, displacement, breakdown in infrastructure and communication; and commonly, a lack of expertise and capacity. Methods for measuring mortality in humanitarian settings depend on active approaches; where cases are found through surveys, census or surveillance within the population (Graham et al., 2008) . These include, but are not limited to, the single round approach, the multiround approach, survivorship methods and enumeration of household members. These approaches have various limitations, however. For instance, the multi-round approach is time-consuming, and particularly challenging in humanitarian settings; where household dissolution is more likely, the security risk is high and the population is very mobile (Cairns et al., 2009) . Survivorship methods, which depend on interviewing surviving family members, are difficult to achieve as families may have lost touch.
Maternal mortality is also considerably difficult to measure. Even in countries where civil registration systems have been established, maternal deaths may be under-reported due to misclassification (Mathers et al., 2005; Graham et al., 2008) . In 1995, the UN agencies (UNFPA, UNICEF and WHO) developed model estimates of maternal mortality; by providing estimates for developing countries where adequate empirical information had not yet been identified (Stanton et al., 1995) . However these estimates had limitations, precluded by the lack of available data in countries. In response, a revised model was later developed by the UN agencies, improving on their earlier model for estimating maternal mortality in developing countries, by using the proportion of deaths of women of reproductive age due to maternal causes (PMDF).
Toward a unified definition of maternal death
Another hurdle in producing reliable estimates is the lack of consensus on, and implementation of, the definition of maternal mortality. According to the latest ICD-11 definition, maternal mortality is defined as 'the death of a woman while pregnant or within 42 days of termination of pregnancy, irrespective of the duration and site of the pregnancy, from any cause related to or aggravated by the pregnancy or its management but not from accidental or incidental causes.' (WHO, 2018) However, in low resource settings, the cause of death is commonly unreported, meaning that accidental or incidental causes may not be excluded. Furthermore, events early in pregnancy, such as unsafe induced abortion, are prone to underreporting by family members; and may not be recorded in health records. In reality, the definition is hard to actualize through available data sources, leading to misclassifications and under-reporting.
The commonly applied definitions on maternal deaths are presented in Figure 1 .
To date, there have been no previous reviews on methods used to measure maternal mortality in humanitarian settings. In light of inaccurate reporting of maternal mortality estimates, the aim of this article was to review the methodology and data collection tools used to measure maternal mortality in humanitarian settings; to compare and contrast approaches, highlighting the common strengths and weaknesses of each approach, and to offer suggestions and recommendations for better measure of maternal mortality in different humanitarian settings.
Methods

Inclusion criteria
Routine data clinic-based studies, population-based cohort and cross-sectional studies, and mixed quantitative and qualitative studies were included in the review. To coincide with the advances made to the measure of maternal mortality in developing countries, articles published from January 1995 up until December 2016 were assessed for inclusion. Studies that (1) reported an estimate of maternal mortality, and provided evidence to support claims that (2) the estimate was taken from a humanitarian setting, were eligible for inclusion.
Search strategy
The following electronic databases were searched with no language restrictions: Amed, EMBASE, CINAHL, Geobase, IBSS, Medline (Ovid), PubMed and Scopus.
Definition of the humanitarian setting
According to a recent United Nations working group, objectives of humanitarian action are 'to save lives, alleviate suffering and maintain human dignity during and in the aftermath of man-made crises and natural disasters, as well as to prevent sand strengthen preparedness for the occurrence of such situations. ' (Global Humanitarian Assistance, 2016) The scope of natural disasters may include those arising from geophysical, meteorological, hydrological, biological, climatological and extra-terrerestial sources. Although man-made crises commonly include crises brought on by war and conflict, the Centre for Research on the Epidemiology of Disasters (CRED) also include disasters that are technological.
To correctly identify articles related to estimating maternal mortality within the humanitarian context, search terms included camps, catastrophe, conflict, displacement, earthquake, epidemic, eruption, Ebola, famine, fire, humanitarian, natural disaster, outbreak, rebel attack, refugees, starvation, tsunami, war and wildfire. Abstracts were screened and articles reporting maternal mortality estimates were selected for further review. Several grey literature publications were identified through online search engines; providing further information on the key agencies, such as NGOs and research groups, working in humanitarian settings. Based on these findings, several key experts were identified and contacted for further information to support the review.
Quality assessment of included studies
To our knowledge there are currently no tools for critically appraising maternal mortality studies in humanitarian settings. Where possible, the review assessed each article on the criterion considered of importance to meet the study aims and against the criteria of quality outlined in a recent systematic review of mortality in Iraq, which drew on findings from a methods workshop (Tapp et al., 2008) . In addition to assessing the articles on the quality criteria set out in this review, each article was assessed for criteria related to the maternal mortality literature, to include: (1) a definition of maternal mortality (2) recall period or time period, in which the mortality figures were being reported for; and the (3) data collection tools and analytical methods used to estimate the maternal mortality. Each article was also assessed on bias, coverage, completeness and accuracy. A summary of the recommended quality indicators, and their rationale, is shown in Table 1 .
The studies were undertaken in a variety of settings, used different data sources and applied various methods to estimate maternal mortality. Therefore to establish grounds for comparability, the publications were summarized according to data type (primary and secondary) as well as different settings: camp, clinics and household.
Results
Overall, 14 articles met the inclusion criteria and were reviewed. Of these 14 articles, 13 were peer-review publications (Cutts et al., 1996; Schaider et al., 1999; Hynes et al., 2002 Hynes et al., , 2012 Simetka et al., 2002; Bartlett et al., 2005; Brentlinger et al., 2005; O'Hare and Southall, 2007; Hudic et al., 2011; Zolala, 2011; Bouchghoul et al., 2015; Djafri et al., 2015; Jones et al., 2016) and one was a grey literature publication (Freyermuth, 2002) .
Only three papers included objective definitions to determine their setting as humanitarian; e.g. whether it was currently (or recently) in a state of conflict, war, complex emergency. For example, one paper defined a conflict country by the presence of 'at least 1000 conflict-related deaths per annum. ' (O'Hare and Southall, 2007) In contrast, another paper defined the state of a complex emergency as the 'presence of one or more deaths out of 10, 000 persons per day.' (Hynes et al., 2002) Most studies described the humanitarian setting, although this was based on the researchers own subjective observations. Only one study used a more systematic approach, and consulted several experts and sources in order to define their humanitarian setting (Brentlinger et al., 2005) .
The definitions used to measure maternal mortality are outlined in Table 2 . Second to 'not including a definition', the most commonly used definition was the earlier ICD-10 definition of maternal mortality (WHO, 2008) .
Primary data studies
All primary data studies are summarized in Table 3 .
Camp
There were three studies undertaken within a camp setting. Hynes et al. (2012) used UNHCR health information system (2008) (2009) (2010) of up to 25 000 individuals. To establish maternal death and cause, they used maternal death review reports and qualitative case histories through surviving members; and maternal cause of death was based on WHO guidelines, e.g. direct, indirect or contributory causes. Bouchghoul et al. (2015) examined the clinical data of women visiting camps, over a 6-month period. Hynes et al. (2002) used a retrospective cross-sectional design, for deaths over a 12-month period; using mixed methods and confirming deaths through death certificates. Clinic There were four studies undertaken in clinical settings; in terms of populations served, two studies had been affected by conflict, one by an earthquake, and one was affected by the Ebola outbreak. The studies conducted an estimation of maternal mortality from clinics which served populations affected. Hudic et al. (2011) used a database from over a 20-year period (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) , which was consulted for the medical histories of pregnant women treated at the gynaecology-obstetrics clinic, and to determine number of maternal deaths and cause (based on clinical diagnoses) due to direct and indirect causes. Simetka et al. (2002) identified data retrieved from surgical logbooks, medical records and short interviews with women attending clinic. Djafri et al. (2015) selected healthcare centres affected by the earthquake at two levels: and included all 20 community clinics as well as six hospitals (out of a possible 28). Jones et al. (2016) included 13 clinics providing comprehensive emergency obstetric care and 65 (out of 67) facilities providing basic emergency obstetric care across Sierra Leone during the Ebola epidemic.
Household Four articles drew their population from the household-level (Cutts et al., 1996; Schaider et al., 1999; Bartlett et al., 2005; Brentlinger et al., 2005) . All household-based studies were retrospective surveys, depended on the recall of maternal deaths by household members, and were carried out at as single round surveys, i.e. interviewed surviving members at a single point in time. All studies estimated the maternal mortality based on maternal deaths reported by surviving members.
Unlike other studies, the study undertaken in Afghanistan used a two-staged cohort approach, in which the four provinces were purposively selected to represent different levels of remoteness (Bartlett et al., 2005) . For each province, villages were randomly selectedwith an equal number of village per province. The overall study involved two stages: (1) the identification of deaths in households (individuals sharing a cooking area), and (2) identification of whether the deaths were due to maternal complications. Once a death had been identified, verbal autopsy interviews were carried (c) No evidence of selection bias As some populations will be more, or less affected, study investigators should make efforts to reduce bias in sampling the population. The most common method to reduce bias is the random selection of participating households or clinics. (d) Evidence that the response rate/degree of missingness was reported
The response rate provides inferences on how likely the population sampled may represent the overall population. Is there a reason to believe that those that did not respond are systematically different than those that did respond? (e) Efforts were made to confirm deaths Did the study investigators aim to confirm deaths through corresponding evidence, e.g. death certificates or verbal autopsy? (f) Households (or families) were revisited to confirm findings Did the study investigators revisit a random sample of study households or settings to re-inquire about deaths and did they find the same results? (g) Recall, or the time period, for which the maternal deaths were being reported for Did the study investigators specify and record the recall period that were used? (h) Data collection tools and analytic methods were used to measure maternal mortality
Did the study investigators describe validated and/or pre-existing tools and analytical methods? Table 2 . A summary of maternal mortality definitions by publication
Definitions of maternal mortality Publication(s)
Maternal mortality ratio as death from any cause related to pregnancy or its management within 1 year of pregnancy outcome, irrespective of duration or site. Maternal mortality ratio (indirect) as proportion of sisters exposed to risk of childbearing who died during pregnancy, childbirth, abortion or miscarriage, or within 6 weeks after birth. et al. (1996) Maternal mortality ratio as number of maternal deaths per 100 000 live births. et al. (2016) , Zolala (2011) Maternal mortality ratio as number of maternal deaths per 10 000 live births.
Cutts
Jones
Freyermuth ( out in households reporting deaths, by using the WHO questionnaire (WHO, 1995) and case histories were developed. Brentlinger et al. (2005) applied cluster sampling in the household survey, which was conducted in Chiapas, Mexico, and used a mixed methods approach to estimate maternal mortality and utilization of health services at the household level (Brentlinger et al., 2005) . The study sampled women of reproductive age (13-49 years) who had been pregnant in the past 2 years (1999) (2000) (2001) . The household survey used purposive sampling to select regions and municipalities most affected by the conflict-identified through experts and sources, including Mexican newspapers, human rights organizations and academic institutions.
Secondary data analysis studies
Census/national or provincial Three studies have used census or routine data to report maternal mortality estimates and are summarized in Table 4 . For example, one study used the estimates provided by the United Nations Maternal Mortality Estimates Interagency Group to examine maternal mortality ratios (MMR) in Sub-Saharan African countries experiencing recent conflict (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) and defined conflict countries as those that experienced 'at least 1000 conflict-related deaths per annum' to the entire population, not just related to MMR (O'Hare and Southall, 2007) . Another study in Iran examined MMR before and after the Bam earthquake using both civil registration statistics and provincial statistics (Zolala, 2011) . Given that the number of live births recorded at the local level were inaccurate, they used 'the number of children who received their first polio vaccination' as a proxy for the number of live births. One grey literature publication in Chiapas, Mexico estimated MMR based on the Census on Vital Statistics (1990 Statistics ( -1999 , the information database for health of the Abierta Population from the Secretary of Health in 2002 and the Government Report of Chiapas (2002) . The MMR calculated ranged from 60 to 190 per 100 000 live births. Little information was given on the limitations of these estimates (Freyermuth, 2002) . Table 5 compares the maternal mortality estimates reported in studies vs the most historical national estimates of maternal mortality available. Compared with their most historical national estimates, household studies based in humanitarian settings generally yielded higher estimates of maternal mortality. There were two exceptions, including the study based on indirect sisterhood methods, and the study conducted in Angola, where traditional birth attendants had attended the births. In contrast, studies undertaken in camp settings had lower maternal mortality estimates compared with historical national estimates. Estimates of maternal mortality within clinics, on the other hand, varied considerably.
Comparison of maternal mortality figures to historic estimates
Discussion
This methodological review presents maternal mortality estimates from a variety of settings. Both camp and clinic-based estimates were based on either retrospective or prospective estimates of clinic surveillance data. Household-based studies included retrospective studies interviewing surviving members, the tools for which ranged from: simple questionnaires using traditional birth attendants to household surveys. Census-based estimates were largely based on vital registries.
Camp populations and clinics, providing humanitarian assistance, had considerably lower MMRs compared with national historical estimates. One study found reproductive health outcomes in internally displaced camps to be better than those of their respective country of origin, suggesting that estimates of maternal mortality produced from camp settings may not provide an accurate representation of the humanitarian context (Hynes et al., 2002) . In contrast, clinics directly affected by war (through loss of workers and access to supplies) had higher MMRs during the humanitarian period (Hudic, 2011) . Likewise, household estimates of maternal mortality, from areas affected, were higher than the national historical estimates of maternal mortality.
The studies varied considerably in terms of their methodology and tools used, which have been briefly discussed here, highlighting their different strengths. First, for camp and clinic-based estimates, deaths were confirmed through clinical notes and death certificates; therefore estimates were not subjected to recall bias. In contrast, the majority of household and census-based estimates were dependent on self-report and reported statistics, respectively. Second, many of the household surveys used stratified cluster sampling to select regions representing the humanitarian context; which may have led to less selection bias compared with other sources. In contrast, there was evidence of selection bias in camps; i.e. in one study, the camp maternity unit could not cater for high risk pregnancies and such women were excluded (Bouchghoul et al., 2015) . Third, reconfirmation of maternal deaths was attempted in two studies: the triangulation of three separate data sources (the family unit at Kerman Medical University, the statistics unit at Kerman Medical University and the civil registry) to confirm maternal deaths was used in one census study (Zolala, 2011) ; whilst one household-based study revisited the households to confirm findings of maternal deaths.
Overall, there were several methodological challenges. First, recall bias was commonly discussed in the limitations of household studies. Second, for studies that reported the definition of MMR, the majority required 'number of live births' as their denominator, which may not have been accurate due to lack of registries or reporting methods. One study, however, overcame this by using 'number of polio vaccines administered' as a proxy indicator (Zolala, 2011) . Third, there was a lack of consensus on the definition of maternal mortality. The most common definition was that cited in the International Classification of Disease or ICD-10 (WHO, 2008) . The measured timing of maternal death varied, however. One paper defined maternal mortality as a death from any cause related to pregnancy or its management within 1 year (Bartlett et al., 2005) . This definition measures maternal death over a longer time period (beyond the 42 days) to include late maternal deaths (see Figure 1) . However, the 42-day post-partum period, as suggested by the ICD-10 (and latest ICD-11) may not be sufficient enough to capture all maternal deaths, particularly in developing countries where pregnancy-related morbidity (such as pregnancy-related anaemia) may occur for longer. Fourth, few studies attempted to address the cultural context of study-by using supplementary qualitative data or culturally specific data collection methods, such as interviewing 'household heads' or 'community leaders.' Finally, census studies did not report the recall period for maternal death, nor an estimation of missing data.
Implications and proposals for further work
To improve the evidence base, there is a need for a standardized methodology to estimate maternal mortality in humanitarian settings. Based on the quality criteria used in this review, household- based surveys are considered to provide a more representative, and hence reliable estimate of the humanitarian population, compared with other settings. However, there may still be limitations in accessibility and refusal to participate, which may lead to biased results if households with certain characteristics are more or less likely to refuse. Future developments of the household-based approach may consider the use of informants to identify maternal deaths within the community (Made-In), and a verbal autopsy to verify the circumstances and cause of death (Made-For) (Qomariyah et al., 2010) . In conjunction with this approach, a stratified cluster random sample survey may serve to estimate the live births and risk factors related to maternal death. The advantage of a one-off survey is that it can produce precise local estimates, and is considerably less costly than demographic health surveys which are commonly used to estimate live births. Furthermore, estimates should be accompanied with a measure of reliability by including 95% confidence intervals. We further recommend using a consistent definition of maternal mortality that potentially counts maternal deaths (within the 42-day period) and late maternal deaths (43 days up to 1 year) independently to allow comparisons with the ICD definition, which appears to be the most commonly used definition across studies. For household surveys, a definitive recall period should be used, considering that longer recall periods, such as more than 2 years, will result in lower sensitivity (Roberts et al., 2010) . Finally, where possible, studies should attempt to confirm deaths through triangulation with separate data sources and/or revisit the household to reconfirm deaths (Qomariyah et al., 2010) . Clearly a more robust method needs to be consolidated, and a more standardized approach is necessary to ensure that maternal mortality estimates reflect the true population level. True estimates of maternal mortality are needed to inform resource allocation and health system strengthening during the period of crisis and its aftermath. Recent discourse in health in humanitarian crisis suggest that a dedicated interagency service for public health information may facilitate, and indeed be in instrumental in assuring, the uptake of standardized procedures and methods related to obtaining such estimates (Checchi et al., 2017) .
